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Association Between Red Cell Indices and Anthropometry of Blood Donors in a Single Institution Study


ABSTRACT
Background- Hematocrit and other red blood cell indices are essential indicators of donor health and transfusion efficacy. While obesity and anthropometric factors such as body mass index (BMI) and waist circumference have been implicated in altering iron metabolism, the association between these variables and haematological parameters in healthy blood donors remains underexplored in the Indian population.

Objective- The study aimed to evaluate the association between hematocrit and anthropometric measurements—weight, BMI, and waist circumference—in voluntary blood donors at a single institution.

Methods- A cross-sectional analytical study was conducted on 100 healthy male blood donors. Anthropometric measurements were recorded, and complete blood count parameters, including RBC count, mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), mean corpuscular haemoglobin concentration (MCHC), and packed cell volume (PCV) were analysed. Statistical analysis was performed using chi-square tests and independent t-tests to assess associations between anthropometric categories and haematological parameters.
Results- Result analysis showed no statistically significant association between RBC count and BMI (p = 0.89). Moreover, no statistically significant association was observed between PCV (hematocrit) and weight (p = 0.83), BMI (p = 0.818), or waist circumference (p = 0.419). Similarly, RBC count, MCH, and MCHC showed no significant correlation with any anthropometric variables. However, a significant association was noted between MCV and waist circumference (χ² = 15.08, p = 0.004), suggesting a potential impact of central adiposity on red cell morphology. 
Conclusion- The significant correlation between MCV and waist circumference indicates that central obesity may influence erythrocyte morphology. These findings highlight the need for further research incorporating biochemical and inflammatory markers to better understand the implications of body composition on donor haematology.
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INTRODUCTION
Obesity is a growing global health challenge, with its prevalence having risen dramatically over the past few decades. Over one billion individuals worldwide currently have a body mass index (BMI) exceeding 30 kg/m², and this number is increasing substantially in the coming decades. [1] Obesity is not only a metabolic condition but also a pro-inflammatory state associated with alterations in iron metabolism and haematological parameters. This inflammatory state influences iron metabolism through upregulation of hepcidin, a key iron-regulatory hormone, which leads to reduced iron absorption and mobilisation, often resulting in functional iron deficiency and altered hematologic indices. [2,3] Globally, the prevalence of obesity has nearly tripled in the past three decades. Recent estimates from the World Health Organisation indicate that among adults aged ≥18 years, 13% are obese and 39% are overweight (Lahole et al., 2022). 
Studies have indicated that obese individuals may present with elevated serum ferritin and decreased serum iron, transferrin saturation, and, in some cases, altered haemoglobin levels—features resembling anaemia of chronic disease.4 Understanding the relationship between donor anthropometry and hematocrit is essential, especially in countries like India, where blood donation plays a critical role in meeting transfusion needs. Evaluating these associations may help optimise donor selection, improve the quality of blood products, and guide personalised transfusion strategies for patients with specific requirements. [5, 6] Obesity has been associated with a state of low-grade systemic inflammation characterized by an adipose tissue driven acute-phase response, with interleukin (IL)-6, IL-1, IL-8, and tumor necrosis factor (TNF)-α playing the largest role and resulting in subsequent elevations of acute-phase proteins such as c-reactive protein (CRP) (Purdy & Shatzel, 2021).
The impact of obesity on haematological markers is of particular interest in the context of blood donation. Blood donation leads to an acute reduction in plasma volume and a more prolonged depletion of haemoglobin and hematocrit levels, which may take several weeks to recover. Various studies confirm that donating a unit of whole blood causes immediate and measurable changes in haematological parameters. However, data exploring how anthropometric variables such as BMI, weight, and height influence these parameters, particularly hematocrit, in blood donors, remains scarce. [7, 8]
Recent studies have shown that individuals with higher BMI may have increased serum ferritin levels, suggestive of iron sequestration, while displaying reduced serum iron and transferrin saturation. These iron-related changes do not always correspond with lower haemoglobin or hematocrit levels, indicating a complex interaction between adiposity and hematopoiesis. Moreover, emerging research has pointed to gender-specific and age-related differences in how obesity impacts haematological parameters, highlighting the need for individualised assessment in clinical and donor populations.
In the context of blood donation, hematologic parameters such as haemoglobin and hematocrit are crucial not only for donor eligibility but also for the quality and efficacy of transfused blood. Blood donation induces a transient reduction in these parameters, with plasma volume recovering within 24–48 hours, but hematocrit and haemoglobin require several weeks to return to baseline. Advances in transfusion medicine have emphasised the need for donor profiling, where anthropometric and demographic data are used to predict donation outcomes and optimise donor selection to improve both donor safety and recipient benefit. [9, 10] A Hemoglobinometer can be defined as an instrument used to measure specifically haemoglobin concentration of the blood and usually involves colourimetric or spectrophotometric measurements, while hemoglobinometry is defined as the procedure and techniques involved in carrying out this procedure (Ndeh et al., 2023). 
Despite these developments, limited data exist on the relationship between anthropometric variables and hematocrit in healthy blood donors in diverse populations in countries like India. Understanding this association is critical, as variations in donor hematocrit can influence the volume and quality of red blood cell units, which in turn affect transfusion efficacy and patient outcomes.
Therefore, the aim of this study is to evaluate the association between hematocrit levels and anthropometric parameters among blood donors in a single institution. The findings could inform personalised donor screening protocols and contribute to enhanced quality assurance in transfusion practices, particularly in resource-limited settings.
AIMS AND OBJECTIVES
1)	To evaluate the different anthropometric variables of blood donors.
2)	To evaluate the parameters of hematocrit in blood donors.  
3)	To see the relation between anthropometric variables of the donor's blood with hematocrit 
MATERIAL AND METHOD
This cross-sectional study was performed on 100 healthy male blood donors. Subjects were selected from the department of Transfusion Medicine, King George’s Medical University, Lucknow, who came for blood donation. The study protocol was approved by the institutional ethical committee. After explaining in detail about the nature of the study and confidentiality of data, written informed consent was taken from each participant. The selection of subjects was done on the basis of a questionnaire and a thorough clinical examination to exclude any disease. 
Anthropometric parameters of the subject were measured using a standardised protocol developed by the National Institute of Nutrition. The height (in centimetres) of the subject was measured using a measuring scale, and the weight (in kilograms) was measured with a calibrated electronic weighing scale that was kept on a firm and flat surface. Body mass index (BMI) was calculated using the formula weight (kg)/height2 (m). [11, 12] Waist circumference (WC) (in centimetres) was measured by a non-stretchable measuring tape at the smallest horizontal girth between the costal margins and the iliac crest at the end of expiration. After donation of 350 ml of blood, 5 ml of blood sample was collected. The analysis was done by a well-calibrated haematology analyser KX-21N (made by Sysmex Japan) and also cross-checked by a specific method of a particular parameter at the Department of   Physiology, KGMU, Lucknow (UP). Haemoglobin, RBC Count, Hematocrit (Hct), along with Mean Corpuscular Haemoglobin (MCH) and Mean Corpuscular Haemoglobin Concentration (MCHC) were seen in the subject’s blood. [13]
INCLUSION CRITERIA
1.	Subjects aged between 18 and 65 years. 
2.	Subjects having haemoglobin level >12.5 g/dl and weight 45 kg or more, pulse rate: 60 to 100 per minute and regular, blood pressure: systolic 100 to 180 mm Hg; diastolic 50 to 100 mm Hg. 

EXCLUSION CRITERIA 
1.	Subjects having a weight above 70 kg or less than 45 kg. 
2.	Donors with a previous transfusion within 6 months or a previous donation within 3 months. 
3.	Donor with a known cardiac problem, endocrine disorder, thyroid disorder, diabetes (on insulin therapy), and hypertension.
4.	 Subjects undergoing medication like non-steroidal anti-inflammatory drugs (NSAIDs), steroids, anticancer drugs, were also excluded from the study. 
Classification of Subjects:
Group-1 According to weight.
a)	50 – 60kg  
b)	61 – 70kg
Group-2 According to Body mass index
a)	Underweight        ≤ 18.5 
b)	Normal                18.5-22.9
c)	Overweight          23-24.9
d)	Obese                  ≥ 25
Group-3 According to the Waist circumference
a)	Underweight      < 85 cm
b)	Normal              85-90 cm
c)	Overweight        > 90 cm

RESULT
This study examined the relationship between haematocrit-related haematological parameters and various anthropometric variables of voluntary blood donors. A total of 100 donors were included, with 64% weighing 61–70 kg, 44% having a BMI between 18.5–22.9, and 54% with a waist circumference <85 cm. The majority of donors (75%) had RBC counts within the normal range of 4.2–5.6 M/µL across all anthropometric categories. Result analysis showed no statistically significant association between RBC count and BMI (p = 0.89). This suggests that RBC count is largely independent of anthropometric variation in healthy blood donors within the observed ranges. MCV values ranged mostly within normal limits (78–98 fL). While no significant association was observed with weight or BMI (p = 0.56), there was a statistically significant association between MCV and waist circumference (p = 0.004). This finding implies that red cell size (MCV) may be influenced by central adiposity.  MCH values did not significantly vary with weight, BMI or waist circumference (p = 0.91). Despite minor numerical differences, MCH values remained within normal physiological ranges, and no meaningful pattern emerged with body composition. There was no significant relationship between MCHC and any anthropometric measurement. This indicates that mean corpuscular haemoglobin concentration is relatively stable across anthropometric strata in healthy donors. PCV, a direct measure of hematocrit, showed no significant association with BMI or waist circumference. Additionally, independent t-tests revealed no significant differences in mean PCV across different weight (p = 0.83), BMI (p = 0.818), or waist circumference (p = 0.419) groups. These findings suggest that, in this healthy donor cohort, hematocrit values do not significantly correlate with common anthropometric indices, such as BMI or waist circumference.
DISCUSSION
This study investigated the association between hematocrit and anthropometric parameters—weight, BMI, and waist circumference—in healthy voluntary blood donors from a single Indian institution. The results demonstrate that hematocrit (measured as packed cell volume, PCV) was not significantly associated with any anthropometric variable, including BMI, a finding consistent with some prior population-based studies. 
Studies from Iraq, where no significant relationships were found between hematocrit levels and BMI, age, or gender among adult residents, favour our findings. [14] Additionally, research in Pakistan indicated that diet and time-related changes in haemoglobin and hematocrit levels in blood donors were minimal, suggesting that other factors may have a more substantial impact on these parameters. [15] The absence of a significant correlation between BMI and hematocrit aligns with findings by Ausk and Ioannou (2008), who, in a large U.S. population-based study, reported that while BMI was associated with increased serum ferritin and reduced serum iron and transferrin saturation, haemoglobin and hematocrit levels did not show significant variation across BMI categories. [16] This suggests that despite metabolic alterations associated with adiposity, red cell mass and hematocrit may be maintained within normal ranges in otherwise healthy individuals. Similarly, Ghadiri-Anari et al. (2014) examined the relationship between BMI and haematological indices in an Iranian cohort and found no consistent linear relationship between BMI and haemoglobin concentration or hematocrit, though they did observe altered iron metabolism.17 Our findings further support the notion that BMI alone may not be a sensitive indicator of erythropoietic alterations in healthy donors.
Interestingly, this study found a statistically significant association between mean corpuscular volume (MCV) and waist circumference (p = 0.004). Central adiposity is a better marker of metabolic risk than BMI, and waist circumference has been associated with systemic inflammation and altered iron handling due to elevated hepcidin levels. Chung et al. (2007) demonstrated in vitro that leptin, elevated in obesity, increases hepcidin expression, which reduces iron bioavailability and may indirectly affect erythrocyte indices such as MCV. [18] The observed variation in MCV may reflect early or subclinical changes in red cell morphology due to altered iron availability or inflammation associated with increased abdominal fat, even in apparently healthy donors. A study conducted in Nigeria found significant correlations between BMI and PCV in both voluntary and commercial blood donors, suggesting that BMI could be a useful screening tool for assessing donor health. [19] No significant association was found between weight and any hematologic parameter, which aligns with findings from Ziegler et al. (2015) and Pottgiesser et al. (2008), who emphasised that hematologic recovery and red cell mass post-donation are not significantly impacted by donor body weight in the short term. [20, 21] This suggests that body weight, within normal donor eligibility limits, may not be a major determinant of baseline hematocrit levels. The lack of association between MCH, MCHC, and anthropometric parameters in our study also echoes previous findings indicating that these indices are relatively stable and less affected by moderate variations in body composition. These parameters are primarily influenced by iron availability, erythropoiesis, and red cell turnover, which may not be directly reflected in basic anthropometric measures.
Importantly, this study focuses on a population of Indian blood donors, a group underrepresented in global haematological reference data. Given genetic, nutritional, and environmental differences, local data are crucial for establishing safe and effective transfusion practices.
Conclusion
This study found no significant association between hematocrit and anthropometric parameters such as BMI, weight, and waist circumference among healthy Indian blood donors. However, the significant relationship between MCV and waist circumference suggests that central adiposity may influence red cell morphology, potentially through inflammatory or metabolic pathways. Further research incorporating biochemical markers of iron metabolism and inflammation is warranted to clarify these associations and inform donor management strategies in transfusion medicine.
Limitations of the study
This study has some limitations. The cross-sectional design limits causal inference, and the sample size, though adequate for preliminary analysis, may not be sufficient to detect subtle associations or stratify by gender and age. Inflammatory markers, serum ferritin, or hepcidin levels were not assessed, which could have provided further insight into the physiological mechanisms underlying the observed hematologic patterns.
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	SUBJECTS BASED ON WEIGHT PARAMETERS

	           Parameter
	f
	%

	1) 50-60 KG
	36
	36%

	2) 60-70 KG
	64
	64%


 Table 1– Distribution of subjects based on weight parameters
		Body Mass Index (BMI)

	
	Parameter
	f
	%

	1
	< 18.5
	5
	5%

	2
	18.5  - 22.9
	44
	44%

	3
	23  -24.9
	27
	27%

	4
	> 25 
	24
	24%







	
Table 2- Distribution of subject based on BMI
	WAIST CIRCUMFERENCE

	
	Parameter
	f
	%

	1
	< 84.9 cm
	54
	54%

	2
	 85 - 90 cm
	25
	25%

	3
	> 90 cm
	21
	21%



Table 3- Distribution of subjects based on waist circumference 
	Hematocrit Parameters
	WEIGHT
	BMI ( Body Mass Index) 
	WAIST CIRCUMFERENCE

	
	50 - 60 Kg 
	60-70 Kg
	< 18.5 
	18.5-22.9
	23-24.9
	> 25
	<85 Cm
	85-90 Cm
	> 90 Cm

	
	<  4.2 M/µL
	4.2 – 5.6 M/µL
	> 5.6 M/µL
	<  4.2 M/µL
	4.2 – 5.6 M/µL
	> 5.6 M/µL
	<  4.2 M/µL
	4.2 – 5.6 M/µL
	> 5.6 M/µL
	<  4.2 M/µL
	4.2 – 5.6 M/µL
	> 5.6 M/µL
	<  4.2 M/µL
	4.2 – 5.6 M/µL
	> 5.6 M/µL
	<  4.2 M/µL
	4.2 – 5.6 M/µL
	> 5.6 M/µL
	<  4.2 M/µL
	4.2 – 5.6 M/µL
	> 5.6 M/µL
	<  4.2 M/µL
	4.2 – 5.6 M/µL
	> 5.6 M/µL
	<  4.2 M/µL
	4.2 – 5.6 M/µL
	> 5.6 M/µL

	RBC
	4
	31
	1
	10
	53
	1
	0
	5
	0
	7
	36
	1
	3
	23
	1
	4
	20
	0
	8
	44
	2
	3
	22
	0
	3
	18
	0

	
	Chi square value=0.53
Df=2
P=0.76 NS
	Chi square value=2.27
Df=6
P=0.89 NS
	Chi square value=1.89
Df=4
P=0.75







Table 4- Association of RBC with anthropometric variables
	Hematocrit
	WEIGHT
	BMI ( Body Mass Index) 
	WAIST CIRCUMFERENCE

	
	50 - 60 Kg
	60-70 Kg
	< 18.5 
	18.5-22.9
	23-24.9
	> 25
	<85 Cm
	85-90 Cm
	> 90 Cm

	
	<  78 fL
	78-98 fL
	> 98 fL
	<  78 fL
	78-98 fL
	> 98 fL
	<  78 fL
	78-98 fL
	> 98 fL
	<  78 fL
	78-98 fL
	> 98 fL
	<  78 fL
	78-98 fL
	> 98 fL
	<  78 fL
	78-98 fL
	> 98 fL
	<  78 fL
	78-98 fL
	> 98 fL
	<  78 fL
	78-98 fL
	> 98 fL
	<  78 fL
	78-98 fL
	> 98 fL

	MCV
	5
	28
	3
	11
	42
	11
	2
	3
	0
	5
	34
	5
	5
	18
	4
	4
	15
	5
	7
	39
	8
	8
	11
	6
	1
	20
	0

	
	Chi square value=1.93
Df=2
P=0.38 NS
	Chi square value=4.87
Df=6
P=0.56 NS
	Chi square value=15.08
Df=4
P=0.004



Table 5- Association of MCV with anthropometric variables
	Hematocrit Parameters
	WEIGHT
	BMI ( Body Mass Index) 
	WAIST CIRCUMFERENCE

	
	50 - 60 Kg
	60-70 Kg
	< 18.5 
	18.5-22.9
	23-24.9
	> 25
	<85 Cm
	85-90 Cm
	> 90 Cm

	
	<  27 pg
	27-35 pg l
	> 35 pg
	<  27 pg
	27-35 pg l
	> 35 pg
	<  27 pg
	27-35 pg l
	> 35 pg
	<  27 pg
	27-35 pg l
	> 35 pg
	<  27 pg
	27-35 pg l
	> 35 pg
	<  27 pg
	27-35 pg l
	> 35 pg
	<  27 pg
	27-35 pg l
	> 35 pg
	<  27 pg
	27-35 pg l
	> 35 pg
	<  27 pg
	27-35 pg l
	> 35 pg

	MCH
	8
	28
	0
	20
	42
	2
	0
	5
	0
	16
	27
	1
	10
	16
	1
	2
	22
	0
	15
	38
	1
	7
	17
	1
	6
	15
	0

	
	Chi square value=2.28
Df=2
P=0.32 NS
	Chi square value=10.05
Df=6
P=0.09 NS
	Chi square value=0.95
Df=4
P=0.91 NS



Table.6- Association of MCH with anthropometric variables





	Hematocrit Parameters
	WEIGHT
	BMI ( Body Mass Index) 
	WAIST CIRCUMFERENCE

	
	50 - 60 Kg
	60-70 Kg
	< 18.5 
	18.5-22.9
	23-24.9
	> 25
	<85 Cm
	85-90 Cm
	> 90 Cm

	
	<  31 %
	31- 37 %
	> 37%
	<  31 %
	31- 37 %
	> 37%
	<  31 %
	31- 37 %
	> 37%
	<  31 %
	31- 37 %
	> 37%
	<  31 %
	31- 37 %
	> 37%
	<  31 %
	31- 37 %
	> 37%
	<  31 %
	31- 37 %
	> 37%
	<  31 %
	31- 37 %
	> 37%
	<  31 %
	31- 37 %
	> 37%

	MCHC
	10
	22
	2
	28
	35
	3
	1
	4
	0
	14
	28
	0
	15
	10
	2
	8
	15
	1
	22
	31
	1
	10
	13
	2
	6
	13
	2

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Chi square value=1.61
Df=2
P=0.44 NS
	Chi square value=6.63
Df=6
P=0.35 NS
	Chi square value=3.20
Df=6
P=0.78 NS


Table 7- Association of MCHC with anthropometric variables




	Hematocrit
	WEIGHT
	BMI ( Body Mass Index) 
	WAIST CIRCUMFERENCE

	
	50 - 60 Kg 
	60-70 Kg
	< 18.5 
	18.5-22.9
	23-24.9
	> 25
	<85 Cm
	85-90 Cm
	> 90 Cm

	
	< 39 %
	39-54 %
	>55 %
	< 39 %
	39-54 %
	>55 %
	< 39 %
	39-54 %
	>55 %
	< 39 %
	39-54 %
	>55 %
	< 39 %
	39-54 %
	>55 %
	< 39 %
	39-54 %
	>55 %
	< 39 %
	39-54 %
	>55 %
	< 39 %
	39-54 %
	>55 %
	< 39 %
	39-54 %
	>55 %

	PCV
	2
	34
	0
	6
	58
	0
	0
	5
	0
	5
	39
	0
	1
	26
	0
	2
	22
	0
	3
	51
	0
	2
	24
	0
	3
	18
	0

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Chi square value=0.45
Df=2
P=0.79 NS
	Chi square value=1.79
Df=3
P=0.61 NS
	Chi square value=1.56
Df=2
P=0.45 NS


Table 8- Association of PCV with anthropometric variables





